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ABSTRACT
Conducting empirical research in software engineering industry is
a process, and as such, it should be generalizable. The aim of this
paper is to discuss how academic researchers may address some of
the challenges they encounter during conducting empirical research
in the software industry by means of a systematic and structured
approach. The protocol developed in this paper should serve as
a practical guide for researchers and help them with conducting
empirical research in this complex environment.
CCS CONCEPTS
• Software and its engineering → Software creation and man-
agement; • General and reference→ Empirical studies;
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1 INTRODUCTION
Software companies operate in a rapidly-changing environment.
In such conditions traditional project management models are no
longer effective, the same applies to software research manage-
ment [9]. Software engineering research methods need to adjust to
modern times in order to accommodate fast innovation cycles and
ensure that research remains relevant to industry. Consequently,
changing focus from plan-centric to feedback-centric is essential, as
researchers should maximize their efforts on industry-relevant ex-
perimentation and the industrial partner’s (customer) engagement.
However, so far, the software engineering field has been lacking
research methods and techniques, which would help with preparing
a research design and conducting the actual research in industry
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[15]. In the same vein, Petersen et al. [13] contend that the research
community still needs to better describe its approach when con-
ducting industry-driven research – i.e. what steps it executes, the
number and type of iterations it performs, among others. Further-
more, as highlighted by [13], research always depends strongly on
the context, and in industry-driven research the company context
is one of the most important ones to consider. However, factors
such as company’s culture or its organizational structure, to name
just a few, usually receive little attention from software engineering
researchers. And, hence, are not properly articulated in the research
design and later on examined in empirical research.
Therefore, by linking action research, design science and organi-
zation theory, we address challenges that academic researchers face
while conducting empirical research in the software industry these
days. In this paper, we adopt the aforementioned methodologies,
discuss problems with applying them and provide suggestions for
improvement in the form of a protocol. Furthermore, we suggest
what methods and tools for analysis and process support can be
employed by researchers in order to conduct an empirical study
in an industry-academia collaborative environment in a method-
ological manner. Therefore, this study can be used for diagnostic
and prescriptive purposes, providing academia researchers and
industry practitioners with a list of activities that should be under-
taken in the course of any industrial research project being done in
collaboration between a private company and a university.
This paper reports our experience in an ongoing industrial re-
search project, which is a collaboration between academia and
a global software company within the framework of an Indus-
trial Doctorate program. Throughout the years, both partners have
striven to create favorable conditions for their close collaboration,
e.g. by being co-located at the university’s campus. In the case
of this particular project, the main objective is to improve Agile
software development processes through a data-driven approach.
The project has a duration of three years. Hence, the three major
outcomes expected from it are as follows: (i) a PhD thesis completed
by a student conducting the research, (ii) a quality empirical study
with a positive impact on the software engineering discipline, (iii)
software engineering artifacts bringing value to the company – i.e.
methodological guidelines and recommendations, a piece of soft-
ware using the proposed methods, among others. Not only in this
case, but in general, the list of potential (mostly intangible and long-
term) benefits for academia and industry is longer, and may include
strengthening ties between the academic community and industry
practitioners, resulting in long-term collaboration prospects. In
this particular example, close collaboration between partners, rein-
forced by co-location, allows the company not only to learn from
the experts in academia, but also to frequently share and create
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ideas together with them. And, as a result, the company is able
to position itself as a thought leader in the software engineering
domain, while the university can better understand the software
industry’s needs and align its research interests accordingly. In
general, it is said that there is a positive correlation between the
presence of industry-academia collaboration and business success
[11]. Nonetheless, there is also a significant number of potential
challenges that such partnerships can face. Garousi et al. [5] have
recently conducted a systematic literature study on challenges and
best practices in industry-academia collaboration; therefore, it is
beyond the scope of this paper to discuss in detail challenges and
benefits of such a cooperation.
The remainder of this paper is structured as follows: Section 2
is meant as an introduction to the topic of action research, design
science and industry-academia collaboration models. In Section
3, we discuss our protocol and describe what methods and tools
software engineering researchers should embrace and exploit in
order to conduct their industry-driven research in a methodological
way. Finally, Section 4 serves as a summary of the paper.
2 BACKGROUND AND RELATEDWORK
2.1 Action Research, Design Science, and an
Agile Approach – An Overview
Many software companies have moved from plan-driven software
development processes to Agile software development in the re-
cent years. Thanks to this shift in paradigms, industry practitioners
are now more likely to understand research activities driven by
design science and action research, as these two approaches re-
semble their daily work to a large degree [13, 15]. Design science
has been discussed during CESI (Conducting Empirical Studies in
Industry) workshops several times in the recent years (e.g. [15, 22]).
Action research, however, is significantly less popular in software
engineering research (despite its wide acceptance in the organiza-
tional development field). Nevertheless, it is no less important from
the perspective of conducting empirical research in the software
industry, because action research is a research methodology used
to solve practical problems by researchers and practitioners alike
(usually working together as a team) [10, 13]. Although both of
the aforementioned paradigms have their inherent strengths and
weaknesses (cf. [2]), they can be complementary to one another
to a great extent (cf. [7, 10]). Susman and Evered [8] developed an
iterative process of action research which consists of five stages
and is considered a canonical one [3]. According to Petersen et
al. [13], action research resembles software process improvement
and extends it with scientific guidelines and joint collaboration
between researchers and practitioners. Social and organizational
aspects play a vital role in action research, and hence allow to
address the complexity of academia-industry collaboration. In gen-
eral, action research focuses on "understanding a situation in a
practical context and aims at improving it by changing the situation"
([13], p. 55). Therefore, especially action research, and key activities
performed in-line with this framework, cannot be considered in
isolation from the company context. Design science, on the other
hand, is more oriented towards the creation of new innovative arti-
facts and scientific knowledge. Nonetheless, both design science
and action research have a relatively high level of abstraction and
do not provide explicit guidelines or tools for researchers to fol-
low. The third methodology, that we want to compare, is called the
Lean Research Approach for Industry-driven Research (LRA) [9].
It has emerged quite recently to support two Finnish industry-led
software research programs spanning multiple organizations. The
framework is said to be the answer for Agile-driven software re-
search programs. For the purpose of these two programs, a research
road-map (SRIA) [20] has been created. SRIA defines research goals
and contains a list of strategic goals as well as a number of rec-
ommendations on what research activities should be conducted
and how. LRA is characterized by Continuous Planning and the
Research Sprint models, where Research Sprints usually last three
months and their outcomes are presented during the program’s
quarterly review meetings (Q-reviews) [9].
2.2 The Company Context – Diagnosing the
Industrial Partner’s Organization
In his seminal paper "How Do Committees Invent?" (1968), Con-
way [4] states that "organizations which design systems (...) are
constrained to produce designs which are copies of the communication
structure of these organizations" ([4], p. 31). Consequently, any piece
of software produced by a company mirrors the social structure of
this organization. And more broadly its organizational structure,
because an organizational structure defines and facilitates the re-
lationships between different parts of an organization in a formal
way, helping to achieve organizational goals. Furthermore, orga-
nizational structures reflect formal status and power hierarchies
in organizations; however, the actual patterns of information flow
and collaboration are also strongly affected by their organizational
cultures (including informal structures). Therefore, in our view,
software engineering researchers, when working closely with a
company, should pay more attention to analyzing its organizational
structure and social infrastructure, because they are reflected in the
technical architecture of the software the organization produces.
And, according to Conway’s Law, any deficiencies in communica-
tion among the people involved in building software products in
the company, hinder the product development process and result
in the flawed software architectures.
Although not very popular in software engineering academic
circles, expertise in analyzing the inner workings of an organization
can be very helpful in empirical research (e.g. for obtaining access
to data, project artifacts, identifying champions). Obtaining both
quantitative and qualitative data is essential when conducting a
comprehensive empirical study in industry. Interviewing employ-
ees and managers is often equally important as investigating the
quantitative data. Both the qualitative information and the quan-
titative data give a researcher context and help understand the
impact of her research at different levels of the organization. Also,
understanding of the actual industrial problem from a research per-
spective requires more than just the problem description outlined by
one of a company’s employees [22]. Not to mention, stakeholders’
involvement in empirical studies is key. In that respect, a researcher
should be able to leverage tools similar to those that external man-
agement consultants use when working with companies (described
in Section 3).
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2.3 The Life-cycle and Existing Models of
Industry-Academia Collaboration
Industry-academia collaborations go through a series of phases
as they evolve. Throughout the years, several models of industry-
academia collaboration and technology transfer have been proposed
[6, 14, 16–18]. In a similar vein, some researchers tried to analyze
industry-academia collaboration through the life-cycle model [1,
5]. Although these stage models differ in the number of phases,
they do share some similarities. Gorschek et al. [6] presented one
of the most comprehensive models, that comprises 7 phases and
builds on Pfleeger’s [14] technology transfer model. Nevertheless,
none of the discussed models contains an internal control (process
improvement) mechanism which would measure the effectiveness
of the process and identify potential improvement areas in the
collaboration model.
3 RESEARCH DESIGN
Capitalizing on the models enumerated in Section 2, and based on
recent literature reviews (e.g. [1, 5]) as well as our own experience,
we propose a research protocol that is grounded in design science,
action research andmanagement theory, yet is capable of being used
in real-life organizational settings. Our industrial-driven research
project is focused on Agile software development processes, hence
the adoption of Agile-inspired research project methodology should
come naturally. Steps outlined in Table 1 explain our protocol.
Table 1: A protocol outlining stages of empirical software engineer-
ing research in industry
Phase Activities in each phase
1: Define
define the rationale for the study
define the research questions
define the strategy
identify the state-of-the-art
define roles and responsibilities
define vocabulary and notation
define the dissemination strategy
define the review schedule
2: Design
design courses of action
determine baselines
define data collection procedures
define data analysis procedures
design a solution
develop strategies for validation
design a communication plan
communicate a solution
develop a control plan
3: Act/Build design the data extraction strategybuild a prototype
4: Evaluate academia validationbusiness validation
5: Knowledge base define dissemination mechanismsshare lessons learned
Figure 1 shows our adaptation of action research and design re-
search framework. In our case, design science is responsible for or-
ganizing research activities illustrated as an inner-loop of a software
Figure 1: A framework of industry-academia collaboration
research management model (depicted as white boxes in Figure 1).
Whereas action research combines all elements of industry-driven
software research together and is represented as an outer-loop of
industry-academia collaboration in Figure 1. Moreover, the process
of industry-academia collaboration should be subject to continuous
improvements, and as such can be looked through the lens of the
DMAIC methodology. The DMAIC iterative cycle – a widely used
methodology in the Six Sigma world – and its extension, the Lean
SixSigma concept [19], provide a toolbox which offers techniques
that can be useful for a researcher analyzing an industrial project
and improving the entire research process (mechanisms of internal
control). In Table 2 we summarize activities and tools, which a
researcher can exploit, to accomplish tasks from our protocol.
Table 2: Tasks and tools for conducting empirical software engineer-
ing research in industry
Phase Scope of analysis Example of tools
1: Define
Problem Problem frames approach
Stakeholders Stakeholder Analysis
Business goals GQM+Strategy, CTB matrix
Organizational cul-
ture
OCAI, The CongruenceModel,
The Cultural Web
State-of-the-art SLR, mapping study, meta-
analysis
Responsibilities RACI matrix
Review schedule Gate review
2: Design
Courses of action Action Plan
Data analysis Descriptive statistics, inferen-
tial statistics
Solution Modeling: architecture envi-
sioning, requirements envi-
sioning
3: Act/Build
Data Extraction Population, sample, partici-
pants
Prototype XP, TDD, BDD, ATDD
4: Evaluate
Academia valida-
tion
Peer reviews
Business validation Case studies, questionnaires,
structured/unstructured inter-
views
5: Knowledge
base Dissemination
Publications, patents, confer-
ences, trainings, workshops,
seminars
Phase 1: Define: at this stage the rationale for conducting the
study from a research perspective must be defined. The research
3
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problem ought to be industry-relevant and accepted by all project
partners. In our case, the rationale was prepared by the company
and later on, the problem was narrowed down to address a specific
business problem identified by company’s customers, i.e. automatic
dependency detection in Agile software development. Moreover, at
this stage key stakeholders must be identified, so that the project
gets their long-term commitment. At the beginning of the project
we prepared a research plan, where we outlined its road-map, gen-
eral objectives, research questions, and the dissemination strategy.
The plan is frequently revised to keep all stakeholders up-to-date.
In addition, short-term goals are defined in this phase. Those goals
are subject to change with every iteration (as defined in the review
schedule). Our project sets short-term goals on a monthly-basis.
Phase 2: Design: in this phase we define courses of action. Based
on an initial mapping study, which was performed in the first phase,
we determine an appropriate researchmethodology for our research
and define specific research objectives. Also, a solution should be
designed in collaboration with practitioners, in our case this would
be an appropriate business unit. Moreover, for process improvement
purposes, mechanisms for measuring the effectiveness of the whole
process should be designed at this stage.
Phase 3: Act/Build: this phase is focused on building an actual
solution and executing experiments. Also, at this stage, intermediate
results (such as technical reports or research papers) are published.
Any solution developed in this phase is later validated and refined.
For that reason, it is important to ensure that feedback cycles are
fast – e.g. by employing a method developed by Vetrò et al. [21].
Phase 4: Evaluate: in this step business stakeholders provide a
reality check, whereas academia validation ensures the research
is methodologically sound. In order this to happen, the evaluation
phase must be carefully planned in advance (Phase 2). Similar to
[12], our protocol evaluation is based on ten factors proposed by
Sandberg et al. [18].
Phase 5: Knowledge base: dissemination of research findings is
done in two ways: internally and externally. Internal dissemina-
tion comprises the actual implementation of a solution in a com-
pany, knowledge sharing sessions, lessons learned. Importantly, the
internal transfer of findings requires engagement from industry
practitioners. Whereas external dissemination results in patents,
published journal articles, and conference papers.
4 CONCLUSIONS AND FUTUREWORK
This paper is an attempt to address the lack of Agile-driven mod-
els of the overall process of conducting empirical software engi-
neering research in industry. The protocol developed in this work
should serve as a practical guide, generalizable to most of industry-
academia collaborations within the software engineering domain.
We also proposed actionable points and methods that academic re-
searchers can use when performing software engineering research
in an industrial setting. Next, we plan to prepare an experience-
based report evaluating how our protocol worked in practice as
well as discuss lessons learned from our industrial project and
industry-academia collaboration in the co-location context.
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